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Abstract. Transport, including railways, is one of the main sources of noise, with a particularly 
strong negative impact on the environment, and on the health of children and adults. Train noise 
depends on the types of trains, track-type driving, driving speed and driving mode. Noise levels 
also depends on the rotation of the wheels on the track and on the short track wheel beats 
connections. The results of measurements showed that urban rail noise analyzed in the residential 
area is a serious problem, which needs addressing various organizational and technical measures. 
It was found that the rail transport caused equivalent and maximum noise levels of 20 m from the 
railway in the residential area were approximately 20 dB above the permissible noise levels. 
During the day, noise tests exceeded the permissible levels in nearly 80 % of all measurements. 
At night, the noise levels exceeded allowances on each of all noise level measurements. Statistical 
analysis of the results showed that the noise level is dependent on the train type and distance to 
the railway track. 
Keywords: rail noise, noise level, urban noise, noise level measurements. 
1. Introduction 
The transportation sector facilitates important connections and networks across cities and 
countries. However, various economic benefits are accompanied by the negative environmental 
transport externalities. Nowadays the rail noise-abatement is considered an important sector for 
current political agenda. When compared with road transportation, the railway is associated with 
lower levels of air pollution emissions, lower risks of fatalities, and reduced traffic congestion [1]. 
On the other hand, rail transportation is also associated with noise pollution and vibration. 
Railway transportation has made significant contributions to the flourishing economy of many 
countries [2]. Rail transport is one of the most advantageous modes of transport used irrespective 
of seasons and weather conditions. Although this method of cargo transportation takes a little 
longer than transport by trucks, but neither compromises the security of the cargo. One of the 
biggest advantages of train transport is the low transportation cost. Cargo rail transport costs are 
reduced by one third on average, than those being transported by road. Rail is a relatively energy 
efficient transport mode. Rail transport uses far less energy per passenger kilometre than road 
transport. However, the environment friendly development of the system has become one of the 
major challenges. Despite its relative ecological advantages over some other modes, the 
environmental impacts of the railways should not be underestimated [3]. 
Road traffic noise is the dominant noise source in many cities [4, 5]. However, as more and 
more railway lines are built to promote environmentally friendly modes of transport and deal with 
traffic congestion, rail noise has become increasingly common [6]. Progress of technologies and 
changes in locomotives design led to increased speed of locomotives, along with an increase in 
their noise [7]. 
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Rail noise depends on the types of trains, track-type driving, driving speed and driving mode 
[8]. For every kind of wheel the most important acoustic emission mechanisms are rolling noise, 
squeal noise and impact noise (due to wheel or local rail defects). Its level depends on the track 
and wheel type and condition of the brake system and the type of wagon coupling mode, and the 
axial load [9]. Rail traffic noise is also generated by the drive mechanism for moving parts and 
auxiliary equipment (air compressors, radiators, cooling fans, heating and air conditioning 
equipment). With diesel locomotive engines, the noise is caused by moving forward and backward 
parts. This noise is dominated by the engine at full load – running with acceleration, at maximum 
speed [10]. Human noise response is shaped by various non-acoustical factors, such as visibility 
of the noise source [11], personal variables such as sensitivity and mood [12], experience of and 
knowledge about noise [13], and the attitude towards the noise sources. 
Environmental noise, in particular transportation noise, is a growing and well recognized 
environmental health problem [14-16]. Railways are one of the main sources of noise, with a 
particularly strong negative impact on the environment and on the health of children and adults 
[7, 15]. Environmental noise externalities, rail noise and vibration can cause minor and major 
adverse events. Mainly the noise caused by trains and traffic is associated with general feelings of 
displeasure, discomfort, and annoyance [1]. Pathological and manifest disorders because of noise 
pollution refer to the welfare impacts associated with hearing loss, physiological stress reactions, 
the risk of cardiovascular, neurological, and digestive tract organs diseases [1, 17-19]. 
Cardiovascular effects of noise rank second in terms of disability-adjusted life year (DALYs) after 
annoyance [19]. Noise pollution, especially rail and road traffic noise creates an economic burden 
to society, because of direct and indirect costs for prevention, health care and rehabilitation. Noise 
accounts for 30 percent of premature ageing. When exposed to loud noise a person cannot 
concentrate his thoughts, gets tired quickly and consumes more caloric energy. Noise worsens 
hygienic working conditions and reduces labour efficiency [20, 21]. 
In Western European and other countries worldwide, special attention is placed on the 
assessment of vehicles (road, water and air transport), specifically to the technical state of the 
vehicle with focus on its noise. Reduction of noise at the source can be more attractive than the 
installation of high trackside barriers, but it requires a thorough understanding of the mechanisms 
of sound generation [22, 23]. Therefore, more and more attention is paid to the noise generation 
processes in the investigation, sources of noise detection, noise suppression and isolation, etc. [24]. 
Lithuania has a relatively well-developed transport system and favourable geopolitical 
standing. This allows the Lithuanian railways, involved in the rail transport system, not to stay 
aside from changes in the international freight and passenger traffic system [25, 26]. Currently, 
Lithuania is mostly carried by rail freight, and the passenger sector recently substantially increased. 
Klaipeda Seaport is a major transit corridor of international freight. It is famous for intense traffic 
of goods between East and West. There are a large number of freight trains faced with increased 
intensity of noise pollution: the case of high noise levels, and the environment located near the 
railway lines. The residential areas are about 20-30 meters from the railway. It is of importance to 
know what the noise levels are in the residential area, because noise is an environmental factor 
harmful to health, causing specific and non-specific pathological changes in various systems of 
the human organism [27]. 
In this paper we focused on noise in an urban context. The rail traffic noise is among the main 
sources of noise in the cities. The aim of this study was to investigate the effects of urban rail 
noise level in a residential area of Klaipeda city. 
2. Methodology 
2.1. Study area 
The research into noise caused by railway traffic was performed in the measuring places 
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selected not far from the Klaipeda railway station. The area is distinguished by the fact that the 
railway station is about 1 km from living areas, and the residential neighbourhood homes are about 
20-30 meters from the tracks. Diesel passenger and freight trains arrive and depart from this station. 
The residential area, located near the train station, stands by the passing trains that arrive at the 
station stops, and leaves as soon as possible to speed up. Railway noise level measurements were 
made in the home territory of the railway noise impact zone. Noise levels (excluding rail transport) 
are measured based on four categories: passenger, freight and petroleum products, fertilizer 
products carry freight trains and diesel locomotives. The railway noise was calculated by the 
numbering of passing train cars, in order to accurately assess the sound. Each measurement site 
determined the time during which the train passes through the measuring point, and the number 
of train cars was used to calculate the speed of the train. 
Railway traffic noise level measurements were carried out in two periods – in the daytime 
(6 am to 6 pm), and at night (10 pm to 6 am). The noise level of 33 passing trains was measured. 
2.2. Measurement methods 
Railway noise measurements are selectively chosen. The measurement locations are selected 
according to a railway track near existing residential and other buildings, the speed of passing 
trains, and the distance from the railway track. In view of the LST EN ISO 3095:2005 standard 
[28], by measuring the noise level of 1.2 m in height, it is in compliance with 7.5 and 20 meters 
distance from the track (Fig. 1). About 60 % of trains were measured at daytime and 40 % at night. 
 
Fig. 1. Location of microphone at track side 
The levels of noise are evaluated by comparing the measuring values with the permissible 
noise level values set by the Lithuanian public health standard HN 33:2011. In a residential 
territory during the daytime the maximum noise level cannot be higher than 70 dBA, in the 
evening – 65 dBA, at night – 60 dBA. In a residential territory the equivalent noise level cannot 
be higher than 65 dBA, in the evening – 60 dBA, at night – 55 dBA. 
Prior to making noise level measurements, the wind speed conditions were determined. 
According to ISO 1996-2:2008, measurements are not taken when the wind speed is higher than 
5 m/s. When the wind speed is 5 m/s, a microphone is covered with a special screen. Prior to and 
after taking measurements, the device is calibrated according to the instruction manual. If the 
calibration results differ by more than 2 dB, the noise measurements are repeated (LST EN ISO 
1996-1:2005; LST EN ISO 1996-2:2008) [29, 30]. 
The noise caused by railway traffic is measured when the microphone is in a perpendicular 
position to the railway line and the measuring is started when the train crosses the line of alignment. 
The measuring is completed when the last car of a train crosses the line of alignment. The 
measured values are the equivalent and maximum noise levels (dBA) and noise pressure 
levels (dB). 
The Bruel and Kjaer mediator 2260 noise meter was used for noise measuring. When 
measuring noise with the Bruel and Kjaer mediator 2260, a relative measuring error is 1.5 %. 
This is one of the latest instruments of this company. This meter can measure the parameters of 
equivalent and broadband noise and has a supplementary external device intended for vibration 
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measuring. The device records noise within the frequency range of 6.3 Hz-20 kHz. It can also be 
used to measure the efficient noise level defined by the characteristics А, В or С or within separate 
octaves that are separated by standardized filters. When measuring the frequency spectrum of 
noise, the lowest frequency is recorded first and further measurements are performed for all values 
of frequencies (31.5-8000 Hz). 
2.3. Statistical analysis 
Before data comparison, we tested the normality of the data with the Shapiro-Wilk test 
(Shapiro and Wilk, 1965). Data was considered normally distributed at a 𝑝 > 0.05. With the 
exception of the number of wagons and train speed, even after a neperian logarithmic and Box-cox 
transformation, all the remaining variables followed the Gaussian distribution. To compare train 
speeds between day and night we applied the non-parametric Mann-Whitney U test. To measure 
the equivalent noise and maximum noise between day and night we applied the one-way ANOVA 
test, since these variables respect normality assumptions. All differences were significant at a  
𝑝 < 0.05. The differences between speed and train type were observed with the non-parametric 
Kruskal-Wallis ANOVA test. In order to identify the noise levels according train type and distance, 
we applied factorial ANOVA, treating as predictors train type and distance (short and medium) to 
the railway and as dependent variables the equivalent noise and maximum noise. A Spearman 
coefficient of correlation was calculated between equivalent noise variables and speed, considered 
significant at a 𝑝 < 0.05. All statistical procedures were performed with Statistica 6.0. 
3. Results and discussion 
Noise surveys exceeded the permissible levels in nearly 80 % of all measurements. At night, 
the noise levels exceed an acceptable noise level for all measurements. This is further evidence 
that excessive noise levels close to the railway are a serious issue. Existing houses and residential 
areas can be protected from the effects of railway noise using walls. 
Table 1 summarizes the railway transport and noise levels of 7.5 meters and 20 meters from 
the railway. This table includes the equivalent noise levels and maximal noise levels for the 
passing of the passenger, freight trains and locomotives. On average, the maximum equivalent 
noise levels at 7.5 meters in the passenger passes was 76 dB and for freight trains 74-75 dB. The 
highest noise level at 7.5 meters from the freight train was 93 dB, and the passenger train was a 
maximum noise level of 86 dB. Passenger trains’ noise levels in residential area, located 20 meters 
from the train, were on average 75 dB, and for freight trains and locomotives – 70-72 dB. 
Table 1. Railway noise levels 
 
a) Noise levels 7.5 m from the railway b) Noise levels 20 m from the railway 



























76 79 86 89 75 78 84 86 
Diesel 
locomotive 
73 78 78 86 72 77 77 81 
Tank 
wagons 
75 85 93 103 72 81 81 89 
Sliding wall 
wagons 
74 82 88 102 70 78 82 101 
Our study shows that passenger trains, which were loudest (by about 5 dB) compared with 
other types of trains causes the maximum level of noise. Freight trains and locomotives were 
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quieter by 2 dB. The noise tests show that the noise levels are a big problem in the populated areas 
around the railway tracks, which agrees with other research. For example, rail transport research 
in France (Cannes) showed that 7.5 meters from the railway, the noise level was 82-97 dB, 
depending on the type of train. Noise levels deal with different train speeds (60, 100 and 120 km/h). 
The lowest values obtained at 60 km/h speed of the train were 81 to 86 dBA. When the speed of 
train was 120 km/h, the equivalent noise levels were 90 to 96 dB [31]. 
Another study of rail noise has been carried out in Assiut city (Egypt). In this city the railway 
line is located in the middle of the city and splits it into two parts. The experiments showed that 
day and night equivalent continuous a-weighted sound pressure levels of 80 dB and higher were 
recorded [32]. In the Assiut city (Egypt) the railway noise levels measured at 25 m from the track 
centreline were about 83 dB (when the train speed was 10 km/h), and 85 dB (when the train speed 
was 30 km/h), and 88 dB (when the train speed was 50 km/h) [32]. The investigated residential 
area of Klaipeda, where the measurements were conducted, had an equivalent noise level of 84 dB, 
and the trains reached a maximum speed of 30 km/h. Our study results showed that at 30 km/h 
train noise levels reached from 84 dB to 86 dB (maximal noise level). 
Table 2 provides data on train speed, equivalent noise level, and maximum noise level 
depending on the time of day. According to a statistical analysis of the results shows that in the 
area, day and night train speeds were almost the same but the difference was 0.85 km/h. Equivalent 
noise level during the day was about 0.5 dB and a maximum of 0.8 dB higher than at night. 
Table 2. Comparisons between speed, equivalent noise level and maximum noise level during day  
and night periods in Klaipeda railway station. n.s. (differences not significant at a 𝑝 < 0.05). Data in dB 













These results suggest that in the territory of the passing trains, the noise level does not depend 
on time of day. In order to reduce the noise levels permitted by the values, special attention must 
be paid to the night-time noise levels allowed in residential areas at night because the vast majority 
of people are resting. 
The results in Table 3 show that the equivalent noise level depends on the train type and 
distance to the railway tracks (𝑝 > 0.89). 
Table 3. Summary of factorial ANOVA results for equivalent noise level 
 SS Degree of freedom MS F P 
Intercept 325901.6 1 325901.6 8192.413 0.000 
Train type 235.1 3 78.4 1.970 0.128 
Distance 208.2 1 208.2 5.233 0.0258 
Train type *Distance 23.7 3 7.9 0.199 0.8968 
Error 2307.3 58 39.8   
The results in Table 4 show that the maximum noise level (similarly as the equivalent noise 
level) depends on the train type and distance to the railway tracks (𝑝 > 0.91). 
Fig. 2(a) shows the correlation between the equivalent noise level, distance and train type 
(0.35). This means that if the train speed is higher, equivalent noise level is also higher. Fig. 2(a) 
shows that the equivalent noise level of the results can be distinguished into two parts. Clearly 
(separated by different colours), the first part of the train crosses a studied area up to 20 km/h, 
while the second – more than 20 km/h. Reduced speed locomotives and freight trains cause less 
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noise (left segment). Located on the higher-speed rail, passenger trains dominate the traffic, with 
noise levels of up to 90 dB. It is also possible to exclude the fact that passenger trains results in 
much less scatter compared with freight trains. 
Table 4. Summary of factorial ANOVA results for maximum noise 
 SS Degree of freedom MS F P 
Intercept 389997.6 1 389997.6 6928.836 0.000 
Train type 188.8 3 62.9 1.118 0.349 
Distance 188.9 1 188.9 3.356 0.072 
Train type*Distance 28.4 3 9.5 0.168 0.917 
Error 3264.6 58 56.3   
According to Fig. 2(b), we conclude that the maximum noise levels are not always dependent 
on the speed of the train. At the maximum noise level (102 dB), the train is travelling less than 
5 km/h. This may be influenced by the fact that the train driver to see obstacles much activates the 
warning signals, which directly affects the maximum noise values. The top of the maximum noise 
levels can be caused by a pass at low speeds, but if the driver uses some warning signals. If these 
signals are used at night, that can disturb many people who are living near the railway. Fig. 2(b) 






Fig. 2. Scatterplot of speed a) equivalent noise and b) maximum noise.  
Passenger (P), Sliding wall wagons (SW), Tank-wagon (TW) and Diesel locomotive (DL).  
Correlations significant at a 𝑝 < 0.05. Noise levels in dB 
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The study revealed that the investigated residential area exposed to excessive rail noise levels. 
The results from the research in Austria concludes that residential areas should be considered as 
sensitive areas and the noise here must not exceed 55 dBA [19]. Our study confirmed that the rail 
noise-abatement measures and noise pollution reduction programmes should be implemented. 
Different types of measures can achieve the reduction of railway noise. Rail noise-abatement 
programmes can be based on investments in the rolling stock (in renew of locomotives and wagons, 
and/or tracks); and on the propagation path of the sound with the construction of noise barriers 
along the railway [33]. Governments should encourage the development of modern modes of rail 
transportation, which produce less noise impact on the urban environment. 
Another solution (alternative) is an implementation of trackside barriers, screens, planting etc. 
for the reduction of noise level in the cities and around them. The noise barriers are considered 
the most reasonable noise mitigation measures available. Acoustical design considerations include 
barrier material, barrier locations, dimensions and shapes [34]. The studies revealed that T-shape 
top barrier more effectively reduces noise level when compare with the traditional barrier 
(~2.5 dBA), if the high of the barrier is the same. The barrier with Y-shape and arrow-shape top 
are more effective than that of the traditional barrier, but less effective than barrier with T-shape 
top concerning the abatement of the noise level. The cylinder, pear, and octagonal-shape top of 
the barrier made from absorbing material can decrease the noise level up to 3 dBA [35]. According 
to the research in Japan, T-shape barrier reduces the noise level by the 1-2 dB, when compare with 
the barrier of O-shape, U-shape or Y-shape top, if the high of the screen is the same [36]. In the 
urban areas, the most popular are the transparent barriers. For instance, in Austria, for the effective 
rail noise-abatement the C-shape screens are applied, instead of covering the screen by the 
absorbing material. This way the rail noise is redirected to the rail tracks [37]. The noise modelling 
and theoretical calculations showed that C-shape screen application could reduce the noise at the 
almost the same level, as by using the straight, sound absorbing screens. Moreover, these C-shape 
screens are easy to assemble or dismantle, and their recycling expenses are very low [37]. 
Depending on the noise barrier material and surface treatment, a portion of the original noise 
energy is reflected or scattered back towards the source. Other portions are absorbed by the 
material of the noise barrier, transmitted through the noise barrier, or diffracted at the top edge of 
the noise barrier. In general, noise barriers could be divided into the following categories [34]: 
• Reflective type – transparent and non-transparent; 
• Absorptive type – sound absorbent materials and possible finishes of absorptive panels; 
• Earth landscaped mound and retaining structures; 
• Mixed type – a combination of the above types. 
Nowadays the innovative materials and designs for sound protecting screens are used. The 
engineers designed sound insulation materials from cement, plaster, the waste of cellulose 
production and polymeric binders [38]. Suitable sound absorbing materials are wood, concrete, 
and the waste of agricultural production (straw, chaff, boon), along with non-cultural vegetation 
(reeds, rushes, cattails) [39]. According to the guidelines elaborated by the government of the 
Hong Kong, for the barriers, the following materials could be used: steel (painted, galvanized, 
stainless); aluminium; polycarbonate or acrylic sheets; concrete, brick or glass fibre reinforced 
concrete; proprietary-made acoustic panels; landscaped earth berm. [34]. An acoustic panel is 
typically made up of a perforated cover sheet enclosing noise absorptive material (mineral wool 
or fibreglass inside and wrapped up with polyester film) [34]. Rail noise can be reduced using 
different design of the railway track construction, for instance: the track in the pit, railway in the 
tunnel, and railway on the embankment [40]. 
Over the last years, changes in the noise policy were deemed necessary by the European 
authorities and the European Commission, and some have been implemented [33, 40-43]. In the 
early 2000s, the EU Commission recommended to enlarge the existing transport noise policy of 
the EU and to include railways, and to reduce the noise level along railway lines [44]. On 25 June 
2002, Directive 2002/49/EC of the European Parliament and the Council relating to the assessment 
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and management of environment noise (Environmental Noise Directive, END) was adopted. This 
was a step forward in developing the EU noise policy. To achieve this, the Directive requires the 
Member States to carry out a number of actions, in particular, to determine the exposure to 
environmental noise through noise mapping; to adopt action plans based upon the noise mapping 
results and; to ensure that the information on environmental noise is made available to the public. 
The Member States of the EU are required to use specified noise indicators of 𝐿𝑑𝑒𝑛 and 𝐿𝑛𝑖𝑔ℎ𝑡 and 
report the noise exposure of the population of 55 dB and 50 dB or more, respectively [42]. 
However, according to the latest WHO recommendations, reporting bands of the indicator values 
of 𝐿𝑛𝑖𝑔ℎ𝑡  should be lowered to 40 dB [42]. The Commission will consider further actions in 
relation to implementation improvements and possible measures on noise source reduction. 
The strengths of our paper are that there have been applied more accurate and exclusive 
measurements. The paper used measurement method, when the speed of the train was determined 
using the length of the locomotive (knowing the dimensions of the one wagon, and the number of 
wagons) and the duration of time, for which the single measurement of the noise level for every 
wagon of the train was carried out. The measurements of the noise level have been starting, when 
the rain was crossing the alignment line; the measurements have been finished, when the last 
wagon of the train was crossing that line. 
The authors used an innovative methodology for the assessment of the train speed, which 
allows to analyze and to reveal an impact of the speed of the different types of the passing trains 
on the noise values (on the different type train-induced noise). 
All research has its limitations. The possibility of uncertainties still exists in calculation of the 
train length, and in regards to the fluctuations in the speed of the train (slowing and returning to 
the station, or accelerating and moving from the station). 
4. Conclusions 
Nearly 80 % of all measurements during the day were over the acceptable noise levels, and 
100 % of measurements at night were over maximum allowed levels. The results of measurements 
showed that the analyzed rail noise is a serious problem to the residential area, which needs 
addressing by various organizational and technical measures. 
It was found that the rail transport caused equivalent and maximum noise levels 20 m from the 
railway in the residential area were approximately 20 dB above the permissible noise levels; 
therefore, such areas need to use noise barriers. 
The highest equivalent sound levels near the railway are measured, when the passenger trains 
were passing (up to 84 dB). Equivalent and maximum noise levels are mainly dependent on the 
train type and distance to the railway. A low speed pass can cause the biggest maximum noise 
levels, if the driver uses some warning signals. 
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